Introduction
============

Posterior capsular opacification (PCO) is the most common long-term complication of cataract surgery in both phacoemulsification and extracapsular cataract extraction (ECCE). The incidences of PCO were 11.8% at 1 year, 20.7% at 3 years, and 28.4% at 5 years after surgery.[@b1-opth-9-557] Fortunately, the overall incidence of PCO and the incidence of neodymium-doped yttrium--aluminum--garnet (Nd:YAG) laser posterior capsulotomy has decreased from 50% in the 1980s and early 1990s to less than 10% today.[@b2-opth-9-557],[@b3-opth-9-557] Some patients experience significant vision complications including visual acuity, glare, and contrast sensitivity, which often require further treatment. Currently, the standard treatment for PCO is Nd:YAG laser posterior capsulotomy, which has a success rate of more than 95%.[@b2-opth-9-557]

Reported complications of Nd:YAG laser posterior capsulotomy include elevated intraocular pressure, iritis, corneal damage, intraocular lens (IOL) damage, cystoid macular edema, disruption of the anterior hyaloid surface, increased risk of retinal detachment, and IOL movement or dislocation.[@b4-opth-9-557],[@b5-opth-9-557] In some patients, a refraction change was noticed after Nd:YAG laser posterior capsulotomy, but proving this remains difficult.

Petersen et al[@b6-opth-9-557] reported four cases of posterior silicone haptic IOL dislocation after Nd:YAG laser posterior capsulotomy at a mean of 16 months after treatment. Several studies have demonstrated IOL movement after laser treatment in a different manner; Findl et al[@b7-opth-9-557] reported backward IOL movement and hyperopic shift. Also, larger capsulotomy size induces greater backward movement.[@b7-opth-9-557],[@b8-opth-9-557] Conversely, other studies reported a progressive decrease in anterior chamber depth (ACD) or no IOL movement at all, with no findings of statistically significant changes in the patients' refraction.[@b9-opth-9-557]--[@b14-opth-9-557]

Any significant change in IOL position can lead to a change in the patient's refractive status, which will therefore require corrective lens prescriptions. The purpose of this study was to determine the changes of IOL position after Nd:YAG laser posterior capsulotomy by measuring both ACD using a slit illumination technique, IOLMaster^®^ (Carl Zeiss Meditec AG, Jena, Germany), and changes in patient refractions using an automated refractometer (Topcon KR-8800; Topcon Corporation, Tokyo, Japan).

Materials and methods
=====================

This was a prospective descriptive study. All research and measurements followed the World Medical Association's Declaration of Helsinki. Written informed consent was obtained from all of the patients before the interventions were performed. The research protocol was approved by the institutional review boards of Chulalongkorn University (Bangkok, Thailand) and registered with the Thai Clinical Trial Registry (TCTR20130000006).

Enrollment
----------

Twenty-nine pseudophakic patients were enrolled between July 2012 and March 2013, and follow-up was completed in June 2013. This study was conducted at the Department of Ophthalmology, Faculty of Medicine, Chulalongkorn University. Patients were eligible for study entry if there was any presence of the loss of more than one best-corrected visual acuity (BCVA) Snellen line at postoperative examination with visual deterioration due to PCO (impaired visual acuity, glare, and reduced contrast sensitivity), and if they needed Nd:YAG laser treatment. All patients had undergone cataract surgery (phacoemulsification in 45 eyes and ECCE in two eyes) with anterior capsulorhexis and anterior capsulotomy in ECCE cases with in-the-bag IOL implantation by the surgeon (BK).

Exclusion criteria included complications during cataract surgery or during the postoperative period; the presence of other significant uncontrolled diseases, such as diabetes with poor glycemic control and ophthalmic diseases; those who had undergone any other ophthalmic surgeries prior to Nd:YAG laser posterior capsulotomy treatment; as well as patients who could not maintain an upright position during the procedure.

Complete ocular examinations, including slit-lamp biomicroscopic and fundus examinations, were performed. ACD (calculated average ACD after four measurements) and patient refractions were measured using IOLMaster and the automated refractometer (Topcon KR-8800) by two technicians (one for ACD measurement and one for autorefraction). All data were collected from nondilated eyes prior to Nd:YAG laser posterior capsulotomy at 1 week and 3 months after the procedure.

The posterior capsulotomies were performed by the same surgeon (BK) in a single session with a Nd:YAG laser, Visulas YAG III (Carl Zeiss Meditec AG), and a contact lens (Abraham capsulotomy lens) with an average diameter of 5.0 mm crisscross pattern, as shown in [Figure 1](#f1-opth-9-557){ref-type="fig"}.

The Nd:YAG laser was posterior defocused by 0.50 mm in every eye. The energy level, total spot count, and total energy use of each patient were recorded. All study patients received a standard medical regimen after laser (0.1% brimonidine eye drop, one drop immediately after laser; and fluorometholone eye drop, four times a day for 1 week).

The primary study outcomes were ACD and patient refraction change. All patients had outcome assessments performed before laser treatment, and 1 week and 3 months after treatment.

All data were analyzed statistically by repeated analysis of variance and paired *t*-tests using SPSS version 17.0. Changes in patient refractions in terms of spherical and cylindrical powers were compared separately. Analyses of cylindrical power excluding the axis were performed. In all cases, *P*-values \<0.05 were considered significant.

Results
=======

Of the 47 operative eyes, 45 had phacoemulsification and two had ECCE with in-the-bag IOL implantation (two had one-piece poly\[methyl methacrylate\] IOLs, 22 had three-piece foldable acrylic IOLs, and 23 had one-piece foldable acrylic IOLs).

The patients' ages ranged from 44--86 years (mean: 68.4 years). The average interval from surgery to capsulotomy was 28.3 months (range: 5--71 months).

The mean energy use for laser treatment was 0.8 mJ/spot; the average total spot count was 15.4 (range: 7--39), and the total energy level was 12.6 mJ (range: 5.6--29.5 mJ).

No serious complications after treatment were observed. The patient characteristics are shown in [Table 1](#t1-opth-9-557){ref-type="table"}.

Anterior chamber depth
----------------------

The mean ACD was found to increase over time, but the changes were not statistically significant (*P*=0.58), as shown in [Table 2](#t2-opth-9-557){ref-type="table"}. In the subgroup analysis, ACD increased in 29 patients (range: 0.01--1.22 mm) and decreased in 18 patients (range: −0.07 mm to −1.13 mm) after 3 months of laser. The mean increase was 0.36 mm and the mean decrease was −0.37 mm.

Spherical change
----------------

There were no significant differences between the mean spherical equivalent (SE) refraction before laser treatment, and after laser at 1 week and 3 months (*P*=0.27), as shown in [Table 3](#t3-opth-9-557){ref-type="table"}.

Cylindrical change
------------------

There were statistically significant differences between cylindrical power refractions before and 1 week after laser was performed (*P*=0.008), but no significant differences at 3 months after laser (*P*=0.58), as shown in [Table 4](#t4-opth-9-557){ref-type="table"}.

IOL styles (one-piece and three-piece)
--------------------------------------

[Table 5](#t5-opth-9-557){ref-type="table"} shows the changes in the SE, cylinder, and ACD at 3 months associated with the different IOL styles. The one-piece IOLs showed more pronounced changes in the SE and cylinder, and the three-piece IOLs showed more backward movement of ACD; however, no statistical significance was found.

Discussion
==========

A total of 47 eyes were included and analyzed in this study. The mean time from cataract surgery to the Nd:YAG laser posterior capsulotomy treatment of PCO was 28.3 months (range: 5--71 months). The same intended energy of the laser (0.8 mJ/spot) and size of the posterior capsulotomy were used for every patient (average size: 5 mm). However, there were variations in the posterior capsulotomy size spot counts (7--39 spots), which required total energy (5.6--29.5 mJ).

Current cataract surgeries require precise IOL positions to give the best refractive results, especially in premium IOLs. Thus, movement of the IOL after PCO treatment can cause refractive change and visual quality decline. We measured IOL movement by comparing ACD using partial coherence interferometry of the IOLMaster. Although ACD appeared to increase in our study, there was no indication of any statistical significance. In our subgroup analysis, we found both backward and forward movement of the IOL in 29 and 19 patients, respectively. We controlled the effects of mydriasis on IOL positions by measuring ACD in the nonmydriatic state. One disadvantage, however, was we found that errors related to the precise evaluation of the ACD can occur because of interfering signals reflected by the surface, particularly on the anterior IOL surface. For further study, we suggest using different methods (optical coherence tomography or ultrasound biomicroscopy) for more precise ACD measurement.[@b15-opth-9-557],[@b16-opth-9-557]

Another measured outcome in this study was the refractive change caused by Nd:YAG laser posterior capsulotomy. It is important to know whether refractive changes occur after laser treatment to best determine the appropriate time periods for new corrective lens prescriptions for patients. As for the SE, no statistically significant changes were found, but at 1 week after laser, there were cylindrical changes that decreased after 3 months' time. It is therefore suggested that corrective lenses can be prescribed after 3 months, once the cylindrical change has decreased. However, the shift in refraction (both SE and cylinder) was small enough that it may not be clinically relevant.

We also tried to find relationships between the types of IOL (one-piece and three-piece IOL) and SE, cylindrical, and ACD changes, but again, there were no significant differences. Some studies found that the larger the capsulotomy size, the more pronounced the IOL movement;[@b7-opth-9-557],[@b8-opth-9-557] however, in our study, we controlled the size of the openings to approximately 5.0 mm in every patient.

Previous studies have shown inconclusive results regarding IOL position changes after the laser treatment of PCO. Zaidi and Askari[@b12-opth-9-557] found that Nd:YAG laser posterior capsulotomy treatment causes anterior IOL displacement, which could result from a pushing effect of the shockwaves from the posterior focus mode of the laser and hyperopic shift of SE. Hu et al[@b10-opth-9-557] and Ozkurt et al[@b14-opth-9-557] reported no significant changes of ACD and SE after Nd:YAG laser treatment. In contrast with Findl et al[@b7-opth-9-557] backward movement and ACD changes were found in every patient. In our study, both backward and forward movements of the IOL positions were present, which warrants further study.

A positive point of our study is that we controlled the capsulotomy size and energy that was used (but variations still occurred due to the individual thickness of PCO). In this study, we performed posterior capsulotomy earlier in some cases; the criterion for this included visual deterioration when the loss of ≥1 BCVA Snellen line was detected. The power used during the laser procedure might be lower than in other studies, and it depends on the thickness of the PCO. In cases with a thicker PCO, more energy may be required to break the posterior capsule, and this might affect the ACD. ACD was measured by the same practitioner in every patient and all patients were examined in a nonmydriatic state.

That we measured the ACD in a nonmydriatic state might be a possible source of difference, because the patient's age and pseudoaccommodation could be confounding factors.[@b17-opth-9-557],[@b18-opth-9-557] Axial biometry may not provide sufficient information regarding IOL alignment, so it is better to describe the IOL position three-dimensionally, especially given that tilting and decentration of the IOL might also affect the ACD and refraction outcomes.

Further studies to compare loop-haptic and plate-haptic effects on IOL positions, to assess alternative ACD measurement techniques (anterior segment optical coherence tomography, Scheimpflug camera, or ultrasound), in addition to the recruitment of a larger patient population will shed more light on the subject.

Conclusion
==========

In conclusion, we found no statistically significant changes in ACD and SE after Nd:YAG laser posterior capsulotomy. However, cylindrical changes were found at 1 week after treatment, but these decreased at 3 months. The changes were the same with one-piece and three-piece IOLs.
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![Anterior segment photography immediately after Nd:YAG laser posterior capsulotomy (430×407).\
**Abbreviation:** Nd:YAG, neodymium-doped yttrium--aluminum--garnet.](opth-9-557Fig1){#f1-opth-9-557}

###### 

Patients' characteristics

                                                               Mean   Range       SD
  ------------------------------------------------------------ ------ ----------- ------
  Age (years)                                                  68.4   44--86      8.9
  Time interval for cataract surgery to capsulotomy (months)   28.3   5--71       14.9
  Types of IOLs (number of eyes)                                                  
   One-piece foldable                                          23                 
   Three-piece foldable                                        22                 
   One-piece PMMA                                              2                  
  Energy level (mJ)                                            0.8                
  Total energy use (mJ)                                        12.6   5.6--29.5   5.4
  Total spot count (number)                                    15.4   7--39       6.7

**Abbreviations:** SD, standard deviation; IOL, intraocular lens; PMMA, poly(methyl methacrylate).

###### 

ACD over time

                                                         ACD (mm)                    
  ------------------------------------------------------ ------------- ------------- -------------
  Mean (SD)                                              3.74 (0.38)   3.79 (0.48)   3.82 (0.48)
  Difference                                                           0.05          0.08
  Changes (%)                                                          1.3%          2.2%
  *P*-value[\*](#tfn2-opth-9-557){ref-type="table-fn"}                 0.58          0.26

**Notes:**

Paired *t*-test compared with ACD before treatment. Repeated analysis of variance; *P*-value =0.58.

**Abbreviations:** ACD, anterior chamber depth; SD, standard deviation.

###### 

SE over time

                                                         SE (diopters)                  
  ------------------------------------------------------ --------------- -------------- --------------
  Mean (SD)                                              −0.19 (0.52)    −0.24 (0.50)   −0.21 (0.54)
  Difference                                                             −0.06          −0.02
  Change (%)                                                             32.4%          10.8%
  *P*-value[\*](#tfn4-opth-9-557){ref-type="table-fn"}                   0.09           0.52

**Notes:**

Paired *t*-test compared with SE before treatment. Repeated analysis of variance; *P*-value =0.27.

**Abbreviations:** SE, spherical equivalent; SD, standard deviation.

###### 

Cylindrical power over time

                                                         Cylindrical power (diopters)                  
  ------------------------------------------------------ ------------------------------ -------------- --------------
  Mean (SD)                                              −1.16 (0.69)                   −1.00 (0.65)   −1.14 (1.06)
  Difference                                                                            0.16           0.02
  Changes (%)                                                                           13.8%          2.1%
  *P*-value[\*](#tfn6-opth-9-557){ref-type="table-fn"}                                  0.008          0.58

**Notes:**

Paired *t*-test compared with cylindrical power before treatment. Repeated analysis of variance; *P*-value =0.01.

**Abbreviation:** SD, standard deviation.

###### 

Types of IOL and SE, cylinder, and ACD change at 3 months

  Type of IOL                        Mean SE change (SD)   Mean cylinder change (SD)   Mean ACD change (SD)
  ---------------------------------- --------------------- --------------------------- ----------------------
  One-piece (25 eyes)                −0.06 (0.30)          0.06 (0.35)                 0.06 (0.52)
  Three-piece (22 eyes)              0.01 (0.20)           −0.01 (0.30)                0.11 (0.47)
  *P*-value (independent *t*-test)   0.32                  0.25                        0.71

**Abbreviations:** IOL, intraocular lens; SE, spherical equivalent; ACD, anterior chamber depth; SD, standard deviation.
